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1. 

BLOWER HOUSING 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

This is a continuation application of the prior filed and 
co-pending U.S. patent application Ser. No. 13/530,823 filed 
on Jun. 22, 2012 by Stephen S. Hancock, entitled “Blower 
Housing, the disclosure of which is hereby incorporated by 
reference in its entirety. 

STATEMENT REGARDING FEDERALLY 
SPONSORED RESEARCH ORDEVELOPMENT 

Not applicable. 

REFERENCE TO AMICROFICHEAPPENDIX 

Not applicable. 

BACKGROUND 

Heating, ventilation, and air conditioning systems (HVAC 
systems) sometimes comprise blower housings that contrib 
ute to delivery of diffused air. 

SUMMARY OF THE DISCLOSURE 

In some embodiments, a blower housing is provided that 
comprises a discharge direction, an axis of rotation, a polar 
axis that intersects the axis of rotation and is Substantially 
perpendicular to the discharge direction, and an angular 
sweep of increasing fluid flow area. The fluid flow area, A. 
increases with increasing angular magnitude, d, as a function 
comprising at least a functional component that is at least one 
of (1) equal to, (2) Substantially mathematically reducible to, 
and (3) Substantially mathematically analogous to the equa 
tion, 

A (d) = A, - . 1 - |alf 

where A is a minimum fluid flow area, R is a radius of a first 
circle, and r, is a radius of a second circle that is Smaller than 
the first circle. 

In other embodiments, a method of moving fluid is pro 
vided that comprises receiving fluid into a centrifugal blower 
and moving the fluid along an angular path of increasing fluid 
flow area, wherein the fluid flow area, A, increases with 
increasing angular magnitude, d, as a function comprising at 
least a functional component that is at least one of (1) equal to, 
(2) substantially mathematically reducible to, and (3) sub 
stantially mathematically analogous to the equation, 

A (d) = A + - . 1 - |ref 

and wherein A is a minimum fluid flow area, R is a radius of 
a first circle, and r, is a radius of a second circle that is Smaller 
than the first circle. 

In yet other embodiments, a blower housing is provided 
that comprises a first sidewall comprising a first inlet, a sec 
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2 
ond sidewall substantially opposite the first sidewall, the sec 
ond sidewall comprising a second inlet, a radial wall joining 
the first sidewall to the second sidewall, the radial wall com 
prising a discharge, a discharge direction, and a polar axis that 
intersects an axis of rotation of the blower housing and 
extends Substantially perpendicular to the discharge direc 
tion. The fluid flow area, A, of the blower housing may be 
increased with increasing angular position, d, over a first 
angular Sweep as a function comprising at least a functional 
component that is at least one of (1) equal to, (2) Substantially 
mathematically reducible to, and (3) substantially math 
ematically analogous to the equation, 

A (d) = A + - . 1 - |n) 

wherein A is a minimum fluid flow area, R is a radius of a 
first circle, and r is a radius of a second circle that is smaller 
than the first circle. 

BRIEF DESCRIPTION OF THE DRAWINGS 

For a more complete understanding of the present disclo 
Sure and the advantages thereof, reference is now made to the 
following brief description, taken in connection with the 
accompanying drawings and detailed description, wherein 
like reference numerals represent like parts. 

FIG. 1 is an oblique view of a prior art blower housing 
according to embodiments of the disclosure; 

FIG. 2 is an orthogonal side view of the blower housing of 
FIG. 1 in a prior art air handling unit; 
FIG.3 is an oblique view of a blower housing according to 

an embodiment of the disclosure; 
FIG. 4 is a diagram of the blower of FIG.3 and a geometric 

schematic labeled to illustrate the variables of an equation by 
which at least some scroll expansion of the blower of FIG. 3 
occurs; 

FIG. 5 is an oblique right side view of a blower housing 
according to another embodiment of the disclosure; 

FIG. 6 is an orthogonal right side view of the blower 
housing of FIG. 5; 

FIG. 7 is an orthogonal front view of the blower housing of 
FIG. 5; 

FIG. 8 is an orthogonal top view of the blower housing of 
FIG. 5; 

FIG. 9 is an orthogonal cross-sectional view of the blower 
housing of FIG. 5 as viewed from a right side of the blower 
housing: 

FIG. 10 is a chart showing area expansion of a blower 
housing according to the disclosure as compared to area 
expansion of prior art blower housings; and 

FIG. 11 is a chart showing efficiency of a blower housing 
according to the disclosure as compared to efficiency of prior 
art blower housings. 

DETAILED DESCRIPTION 

Some HVAC systems comprise centrifugal blowers that 
discharge air at sufficient mass flow rates but with less than 
desirable fluid flow characteristics. In some cases, although a 
required mass flow rate may be achieved, an airstream dis 
charged from a centrifugal blower may nonetheless comprise 
an undesirably high level of velocity pressure as opposed to a 
more desirable static pressure. In some embodiments of this 
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disclosure, centrifugal blowerhousings may be provided that 
are configured to provide improved airstream fluid flow char 
acteristics. 

Referring now to Prior Art FIGS. 1 and 2, a blowerhousing 
100 of substantially known construction is shown. Most gen 
erally, housing 100 is configured to receive a centrifugal 
blower impeller that may be rotated within an interior space 
of the housing 100 to move air. Housing 100 comprises a first 
sidewall 102, a second sidewall 104 generally opposite the 
first sidewall 102, and a radial wall 106 joining the first 
sidewall 102 to the second sidewall 104. The housing 100 
further comprises a rotation axis 108 and a rotation direction. 
An above-described blower impeller may be received within 
the housing 100 and may rotate about the rotation axis 108 in 
a rotation direction 110 to move air. The housing 100 may 
further be described as generally comprising a top 112, a 
bottom 114, a left side 116, a right side 118, a front 120, and 
a back 122, however, Such descriptions are only intended to 
provide a consistent relative orientation for a viewer FIGS. 1 
and 2 and are not intended to limitan interpretation of how, in 
alternative embodiments, the housing 100 may be oriented in 
space and/or relative to any other component of an HVAC 
system. 
As most clearly seen in Prior Art FIG. 2, housing 100 

further comprises a polar axis 124 that intersects the rotation 
axis 108 and is generally perpendicular to a discharge direc 
tion 126. In some embodiments, the discharge direction 126 
may comprise a desired direction of airflow for air that is 
discharged from the housing 100 while comprising a prima 
rily static pressure and/or Substantially homogenous pressure 
distribution. 

In operation of a centrifugal blower comprising housing 
100, fluid may be received into an interior space of the hous 
ing 100 through at least one of a first inlet 128 and a second 
inlet 130 and subsequently discharged through discharge 132. 
In this embodiment, the first sidewall 102 and the second 
sidewall 104 are substantially similar planar structures that 
are oriented as mirror images to each other about a central 
portion of the housing 100. The first inlet 128 and second inlet 
130 are generally passages formed in the first and second 
sidewalls 102,104, respectively, that comprise generally bell 
mouthed and/or otherwise curved first transition 134 to a first 
inlet edge 136 and substantially similar second transition 138 
to a second inlet edge 140. Within the housing 100, fluid may 
be directed in the rotation direction 110 until it exits the 
housing through discharge 132. 

Discharge 132 may generally be defined as an opening at 
the top of the housing that would naturally receive airflow 
with significant vector components of Velocity in the dis 
charge direction. In some embodiments, such areas of the 
housing may extend from a portion of the radial wall 106 that 
is located near the back 122 of the housing and is substantially 
parallel to the discharge direction to a portion of the radial 
wall 106 prior to a downward curvature of the radial wall 106. 
In other words, in some embodiments, the discharge 132 of 
the housing 100 may comprise a top 122 portion of the hous 
ing 100 that extends between 0 to 90 degrees along the above 
described polar coordinate system. In some embodiments, the 
discharge 132 may comprise a Substantially rectangular 
perimeter 142. 

Referring now to Prior Art FIG. 2, first, second, and third 
radially extending cutting planes 144, 146, and 148 are shown 
as being coincident with and extending from the rotation axis 
108 so that they reach from the rotation axis 108 to the radial 
wall 106 at locations having relatively increasing angular 
component polar coordinate values. Angular component 
polar coordinate values may be represented by the variable, 
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4 
db, in this and other embodiments of the disclosure. Accord 
ingly, because the distance of the radial wall 106 from the 
rotation axis 108 generally increases with increasing angular 
component polar coordinate values, d, the associated areas of 
the cutting planes 144, 146, 148 within the housing 100 
likewise generally increase. Still further, because there is an 
increasing area of the cutting planes 144, 146, 148 within the 
housing 100, there is generally an increasing fluid flow area 
with an increase in angular location in the housing 100. In 
Some embodiments, the generally increasing fluid flow area 
extends from angular polar coordinate values, d, referenced 
from polar axis 124 of about 70-370 degrees through the use 
of a so-called cutoff structure 150 that is at least partially 
disposed within the interior of the housing 100 and that is 
vertically below the discharge 132. In some embodiments, the 
approximately 300 degrees of increasing fluid flow area may 
provide some degree of controlled diffusion of fluid collected 
while still moving the fluid toward the discharge 132 in a 
stable manner. 

In some embodiments, the housing 100 may provide the 
above-described increase influid flow area with an increase in 
angular location in the housing 100 according to a known 
equation or a predetermined rate. For example, in some 
embodiments, housing 100 may generally be configured so 
that the above-described increase in fluid flow area substan 
tially adheres to a so-called “Archimedes type' or "arith 
metic' type scroll expansion that follows or substantially 
follows the equation: A(d)=C*qp, where C is a selected con 
stant and d is an angular component value in a polar coordi 
nate system. In other embodiments, housing 100 may gener 
ally be configured so that the above-described increase in 
fluid flow area substantially adheres to a so-called "logarith 
mic' scroll expansion that follows or substantially follows the 
equation: A(d)=C*e', where C and Dare selected con 
stants, e is a constant that is the base of the natural logarithm 
(i.e., equal to about 2.71828), and dd is an angular component 
value in a polar coordinate system. 

Referring now to FIG. 3, an oblique view of a blower 
housing 200 according to an embodiment of this disclosure is 
shown. Most generally, housing 200 is configured to receive 
a centrifugal blower impeller that may be rotated within an 
interior space of the housing 200 to move air. Housing 200 
comprises a first sidewall 202, a second sidewall 204 gener 
ally opposite the first sidewall 202, and a radial wall 206 
joining the first sidewall 202 to the second sidewall 204. The 
housing 200 further comprises a rotation axis 208 and a 
rotation direction 210. An above-described blower impeller 
may be received within the housing 200 and may rotate about 
the rotation axis 208 in a rotation direction 210 to move air. 
The housing 200 may further be described as generally 

comprising a top 212, a bottom 214, a left side 216, a right 
side 218, a front 220, and a back 222, however, such descrip 
tions are only intended to provide a consistent relative orien 
tation for a viewer of FIG.3 and are not intended to limit an 
interpretation of how, in alternative embodiments, the hous 
ing 200 may be oriented in space and/or relative to any other 
component of an HVAC system. Housing 200 further com 
prises a polar axis 224 that intersects the rotation axis 208 and 
is generally perpendicular to a discharge direction 226. In 
Some embodiments, the discharge direction 226 may com 
prise a desired direction of airflow for air that is discharged 
from the housing 200 while comprising a primarily static 
pressure and/or substantially homogenous pressure distribu 
tion. 

In operation of a centrifugal blower comprising housing 
200, fluid may be received into an interior space of the hous 
ing 200 through at least one of a first inlet 228 and a second 
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inlet 230 and subsequently discharged through discharge 232. 
In this embodiment, the first sidewall 202 and the second 
sidewall 204 are substantially similar structures that are ori 
ented as mirror images to each other about a central portion of 
the housing 200. The first inlet 228 and second inlet 230 are 
generally passages formed in the first and second sidewalls 
202, 204, respectively, that comprise generally bell-mouthed 
and/or otherwise curved first transition 234 to a first inlet edge 
236 and substantially similar second transition 238 to a sec 
ond inlet edge 240. 

Within the housing 200, fluid may be directed in the rota 
tion direction 210 until it exits the housing through discharge 
232. Discharge 232 may generally be defined as an opening at 
the top of the housing that would naturally receive airflow 
with significant vector components of Velocity in the dis 
charge direction 226. In some embodiments, such areas of the 
housing may extend from a portion of the radial wall 206 that 
is located near the back 222 of the housing and is substantially 
parallel to the discharge direction 226 to a portion of the radial 
wall 206 prior to a downward curvature of the radial wall 206. 
In other words, in some embodiments, the discharge 232 of 
the housing 200 may comprise a top 222 portion of the hous 
ing 200 that extends between 0 to 90 degrees along the above 
described polar coordinate system. In some embodiments, the 
discharge 232 may comprise a Substantially rectangular 
perimeter 242. 

First, second, and third radially extending cutting planes 
244, 246, and 248 are shown as being coincident with and 
extending from the rotation axis 208 so that they reach from 
the rotation axis 208 to the radial wall 206 at locations having 
relatively increasing angular component polar coordinate val 
ues, d. Accordingly, because the distance of the radial wall 
206 from the rotation axis 208 generally increases with 
increasing angular component polar coordinate values. 
The housing 200 may generally be configured so that at 

least a portion of the above-described increase in fluid flow 
area substantially adheres to a so-called “inverse circular 
expansion” (ICE). In some embodiments, ICE may follow or 
substantially follow the equation: 

A (d) = A + - . 1 - |ref 

where A(d) is the cross-sectional flow area of the housing 
200 as a function of d, the an angular component value in a 
polar coordinate system. A is the minimum cross-sectional 
flow area associated with cutoff 250, R is the radius of a first 
or so-called "driving circle, and r, is radius of a second or 
so-called “internal driving circle. In some embodiments, the 
internal driving circle may be Smaller than the driving circle 
so that r is smaller than R. In alternative embodiments, ICE 
may be defined by and/or accomplished utilizing any other 
Suitable mathematical technique, formula, and/or equation 
comprising at least a functional component that is at least one 
of (1) equal to, (2) Substantially mathematically reducible to, 
and (3) Substantially mathematically analogous to the equa 
tion, 

A (d) = A + - . 1 - |ref | 
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6 
For example, in some embodiments, ICE may be defined at 
least in part by a so-called Taylor series type expression, a 
Fourier series type expression, and/or any Suitable manipula 
tion using trigonometric identities. In other words, alternative 
embodiments may comprise ICE defined by a function com 
prising at least a functional component that is at least one of 
(1) equal to, (2) Substantially mathematically reducible to, 
and (3) Substantially mathematically analogous to the equa 
tion above so that while the function used to implement ICE 
is not exactly the same as the ICE equation above, the func 
tion used comprises mathematical features that cause expan 
sion at least as a function of the ICE type expansion described 
above. In some embodiments, Substantially all scroll expan 
sion of housing 200 comprises ICE. However, in alternative 
embodiments, discrete angular Sweeps may comprise ICE. 
For example, in Some embodiments, the angular Sweep from 
the second cutting plane 246 to the third cutting plane 248 
may be configured to comprise ICE while angular portions of 
the remainder of the housing 200 may be configured accord 
ing to any other type of expansion. In yet other embodiments, 
the housing may comprise a plurality of distinct and/orangu 
larly offset angular sweeps of ICE. 

Referring now to FIG. 4, housing 200 is illustrated along 
with an additional geometric schematic to better illustrate the 
above-described ICE equation and its variables. Specifically, 
the housing 200 is shown as comprising the polar axis 224 and 
discharge direction 226 with the angular component of the 
polar coordinate system being labeled as db. The internal 
driving circle is labeled as r, and may generally be associated 
with the outer diameter of the impeller the housing is 
designed around. In some embodiments, R and r, may be 
selected so that the allowed envelope is not violated, the 
discharge vector is appropriate, and the Scroll remains within 
the first quadrant of the driving circle of the geometric sche 
matic. In alternative embodiments, ICE may be defined by 
and/or accomplished utilizing any other Suitable mathemati 
cal technique, graphical representation, and/or formula that 
Substantially approximates and/or equates to the rate of 
expansion graphically represented in FIG. 4. In other words, 
while ICE is described as being related to the rate of expan 
sion associated with a rate of increasing cross-sectional area 
as a function of the curvature of a portion of the fourth 
quadrant curve of a circle, this disclosure explicitly contem 
plates that other alternative embodiments of ICE may follow 
any other Suitable graphical and/or geometric representation 
while still providing Substantially similar expansion rates that 
may be mathematically reduced to and/or that substantially 
approximate and/or equate to the rate of expansion graphi 
cally represented in FIG. 4. Put another way, while an 
embodiment of ICE is explicitly defined in terms of the equa 
tion, 

A (d) = A, - . 1 - |n) 

and the graphical representations of FIG. 4 above, this dis 
closure explicitly recognizes that ICE may be quantified in 
any other suitable manner substantially consistent with the 
equations and graphical representations above without 
departing from the type of expansion of ICE. 

Referring now to FIGS. 5-9, a housing 300 according to 
another embodiment of this disclosure is shown. FIGS. 5-9 
are oblique, right, front, top, and cross-sectional views of the 
housing 300, respectively. Most generally, housing 300 is 
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configured to receive a centrifugal blower impeller that may 
be rotated within an interior space of the housing 300 to move 
air. Housing 300 comprises a first sidewall 302, a second 
sidewall 304 generally opposite the first sidewall 302, and a 
radial wall 306 joining the first sidewall 302 to the second 
sidewall 304. However, considering that the overall geometry 
of housing 300 is substantially more complicated than the 
geometry of both housings 100, 200, the boundaries of such 
walls may be less intuitive. Accordingly, for purposes of this 
discussion, the first sidewall 302 may be defined as compris 
ing all portions of the housing 300 located coincident with 
and/or axially further outward from a second inlet edge 340 
that is described below. Similarly, the second sidewall 304 
may be defined as comprising all portions of the housing 300 
located coincident with and/or axially further outward from a 
first inlet edge 336 that is described below. The housing 300 
further comprises a rotation axis 308 and a rotation direction 
310. An above-described blower impeller may be received 
within the housing 300 and may rotate about the rotation axis 
308 in a rotation direction 310 to move air. 
The housing 300 may further be described as generally 

comprising a top 312, a bottom 314, a left side 316, a right 
side 318, a front 320, and a back 322, however, such descrip 
tions are only intended to provide a consistent relative orien 
tation for a viewer of FIGS. 5-9 and are not intended to limit 
an interpretation of how, in alternative embodiments, the 
housing 300 may be oriented in space and/or relative to any 
other component of an HVAC system. Housing 300 further 
comprises a polar axis 324 that intersects the rotation axis 308 
and is generally perpendicular to a discharge direction326. In 
Some embodiments, the discharge direction 326 may com 
prise a desired direction of airflow for air that is discharged 
from the housing 300. 

In operation of a centrifugal blower comprising housing 
300, fluid may received into an interior space of the housing 
300 through at least one of a first inlet 328 and a second inlet 
330 and subsequently discharged through discharge 332. In 
this embodiment, the first sidewall 302 and the second side 
wall 304 are substantially similar structures that are oriented 
as mirror images to each other about a central portion of the 
housing 300. However, unlike the first and second sidewalls 
102, 104, the first and second sidewalls 302, 304 are not 
substantially planar. Instead, the sidewalls 302,304 generally 
expand longitudinally and/or axially further outward with 
increased angular component polar coordinate values. The 
first inlet 328 and second inlet 330 are generally passages 
formed in the first and second sidewalls 302, 304, respec 
tively, that comprise generally bell-mouthed and/or otherwise 
curved first transition 334 to a first inlet edge 336 and sub 
stantially similar second transition 338 to a second inlet edge 
340. In some embodiments, the transitions 334, 338 may 
generally expand longitudinally and/or axially further out 
ward with increased angular component polar coordinate val 
ues. Such above-described axial expansions may result in an 
increase in fluid flow area with increased angular component 
polar coordinate values. Within the housing 300, fluid may be 
directed in the rotation direction 310 until it exits the housing 
through discharge 332. Discharge 332 may generally be 
defined as an opening at the top of the housing that would 
naturally receive airflow with significant vector components 
of velocity in the discharge direction 326. In some embodi 
ments, such areas of the housing may extend from a portion of 
the radial wall 306 that is located near the back 322 of the 
housing and is Substantially parallel to the discharge direction 
326 to a portion of the radial wall 306 prior to a downward 
curvature of the radial wall 306. In other words, in some 
embodiments, the discharge 332 of the housing 300 may 
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8 
comprise a top 322 portion of the housing 300 that extends 
between 0 to 90 degrees along the above-described polar 
coordinate system. 

First, second, and third radially extending cutting planes 
344, 346, and 348 are shown as being coincident with and 
extending from the rotation axis 308 so that they reach from 
the rotation axis 308 to the radial wall 306 at locations having 
relatively increasing angular component polar coordinate val 
ues. Accordingly, because the distance of the radial wall 306 
from the rotation axis 308 generally increases with increasing 
angular component polar coordinate values and because of 
the above-described axial expansion of the first and second 
sidewalls 302,304, the associated area of the cutting planes 
344, 346, 348 within the housing 300 likewise generally 
increases. Still further, because there is an increasing area of 
the cutting planes 344,346,348 within the housing 300, there 
is generally an increasing fluid flow area with an increase in 
angular location in the housing 300. In some embodiments, 
the generally increasing fluid flow area extends from angular 
polar coordinate values of about 90-390 degrees, thereby 
eliminating any need for a so-called cutoff structure that may 
beat least partially disposed within the interior of the housing 
300 and that may be vertically below the discharge 332. 
The housing 300 may generally be configured so that at 

least a portion of the above-described increase in fluid flow 
area substantially adheres to the “inverse circular expansion' 
(ICE) that follows or substantially follows the equation, 

A (d) = A, - . 1 - |alf 

described above with regard to housing 200 and FIGS. 3 and 
4. In some embodiments, the internal driving circle may be 
smaller than the driving circle so that r is smaller than R. In 
Some embodiments, Substantially all scroll expansion of 
housing 300 comprises ICE. However, in alternative embodi 
ments, discrete angular Sweeps may comprise ICE. For 
example, in Some embodiments, the angular Sweep from the 
second cutting plane 346 to the third cutting plane 348 may be 
configured to comprise ICE while angular portions of the 
remainder of the housing 200 may be configured according to 
any other type of expansion. In yet other embodiments, the 
housing may comprise a plurality of distinct and/orangularly 
offset angular sweeps of ICE. 

Further, the housing 300 comprises somewhat flattened 
expansion Zones 352 where overall fluid flow area is 
increased not only by increasing a distance of radial wall 306 
from rotation axis 308 but by also locally axially expanding 
portions of first sidewall 302 and second sidewall 304. Fur 
ther expansion of fluid flow area occurs angularly thereafter 
in a manner configured to control diffusion by via a decreas 
ing reliance on flattened expansion Zones 352 and an increas 
ing reliance on an increasing distance between radial wall 306 
from rotation axis 308. In other words, flattened expansion 
Zones 352 may taper off as angular location increases and in 
conjunction with such tapering off, radial wall 306 may more 
aggressively be distanced from the rotation axis 308. 

Still further, housing 300 may comprise a perimeter 342 
that is not substantially rectangular. As shown best in FIGS. 5 
and 8, the perimeter 342 may comprise curved boundaries 
and may further have structural webs 354 that join a front 
portion of perimeter 342 to a relatively axially substantially 
slimmer portion of the housing near the 90 degree angular 
location. 
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Referring now to FIG. 10, the flow path area expansion of 
a housing primarily comprising ICE is compared to the flow 
path area expansion of (1) a housing comprising area expan 
sion primarily comprising Logarithmic type expansion and to 
(2) a housing comprising area expansion primarily compris 
ing Archimedes type expansion. Each of the three housings 
represented are designed to fit the same physical size enve 
lope and to deliversubstantially the same airflow and pressure 
1SS. 

Referring now to FIG. 11, the non-dimensional efficiency 
of a housing primarily comprising ICE is compared to the 
non-dimensional efficiency of (1) a housing comprising area 
expansion primarily comprising Logarithmic type expansion 
and (2) a housing comprising area expansion primarily com 
prising Archimedes type expansion. It is shown that in some 
embodiments, the non-dimensional efficiency of the housing 
comprising ICE is 1.12 while the non-dimensional efficien 
cies of a Logarithmic housing and an Archimedes housing are 
1.00 and 0.82, respectively. In some embodiments, the effi 
ciency advantage of the ICE housing may be attributable to 
improved post-housing diffusion which may reduce noise and 
improve performance of downstream components such as 
heat exchangers. In particular, the ICE housing causes 
improved diffusion a shorter distance from the discharge of 
the housing as compared to the other housings. Further, in 
some embodiments, the efficiency advantage of the ICE hous 
ing may be attributable to a lower peak velocity within the 
housing as compared to the otherhousings, particularly in the 
early stages of scroll expansion. Still further, in Some embodi 
ments, the efficiency advantage of the ICE housing may be 
attributable to a more uniform velocity distribution of fluid 
entering the inlet as compared to the other housings. 
Most generally, the housings 200, 300 are configured to 

improve fluid flow characteristic relative to substantially 
similar housings that do not comprise ICE. While the discus 
sion above generally refers to fluid flow areas within the 
housings as comprising plane areas that extend radially from 
axes of rotation to interior walls of the housing, alternative 
embodiments may define such fluid flow areas differently. In 
Some embodiments, fluid flow areas may comprise the above 
described fluid flow areas minus area occupied by an impeller 
associated with the housing. In still other embodiments, fluid 
flow areas may comprise the above described fluid flow areas 
minus the areas occupied by a Volume bounded by the oppos 
ing inlet edges. It will be appreciated that while there are 
many ways to define the measurement of fluid flow areas, in 
Some embodiments, some important aspects may be gener 
ally related to overall trends in fluid flow areas relative to 
angular location on the above-described polar coordinate sys 
tem and an established relationship to the equations that dic 
tate ICE. 

While some embodiments described above comprise about 
300 degrees of controlled expansion, it will be appreciated 
that blowerhousings of other alternative embodiments which 
may comprise alternative shapes, sizes, and/or specifications 
related to pressure performance may ideally require more or 
fewer degrees of controlled expansion. In general, the more 
pressure the blower must work against to deliver fluid flow, 
the more controlled expansion (as measured angularly) is 
required to achieve an optimal design. In cases where too 
much controlled expansion (as measured angularly) is imple 
mented, blower efficiency may be decreased. In cases where 
too little controlled expansion (as measured angularly) is 
implemented, fluid flow is destabilized. Accordingly, alterna 
tive embodiments of blowerhousings may comprise different 
characteristics related to how many angular degrees of con 
trolled expansion are selected, but nonetheless, any of Such 
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10 
alternative embodiments may still benefit from comprising 
ICE. As such, any blower housing comprising a portion of 
controlled expansion defined as a function of ICE as defined 
herein is within the scope of this disclosure. 
At least one embodiment is disclosed and variations, com 

binations, and/or modifications of the embodiment(s) and/or 
features of the embodiment(s) made by a person having ordi 
nary skill in the art are within the scope of the disclosure. 
Alternative embodiments that result from combining, inte 
grating, and/or omitting features of the embodiment(s) are 
also within the scope of the disclosure. Where numerical 
ranges or limitations are expressly stated. Such express ranges 
or limitations should be understood to include iterative ranges 
or limitations of like magnitude falling within the expressly 
stated ranges or limitations (e.g., from about 1 to about 10 
includes, 2, 3, 4, etc.; greater than 0.10 includes 0.11, 0.12, 
0.13, etc.). For example, whenever a numerical range with a 
lower limit, R1, and an upper limit, Ru, is disclosed, any 
number falling within the range is specifically disclosed. In 
particular, the following numbers within the range are spe 
cifically disclosed: R=R1+k(Ru-RI), wherein k is a variable 
ranging from 1 percent to 100 percent with a 1 percent incre 
ment, i.e., k is 1 percent, 2 percent, 3 percent, 4 percent, 5 
percent, ... 50 percent, 51 percent, 52 percent,..., 95 percent, 
96 percent, 97 percent, 98 percent, 99 percent, or 100 percent. 
Moreover, any numerical range defined by two R numbers as 
defined in the above is also specifically disclosed. Use of the 
term “optionally with respect to any element of a claim 
means that the element is required, or alternatively, the ele 
ment is not required, both alternatives being within the scope 
of the claim. Use of broader terms such as comprises, 
includes, and having should be understood to provide support 
for narrower terms such as consisting of consisting essen 
tially of, and comprised substantially of. Accordingly, the 
Scope of protection is not limited by the description set out 
above but is defined by the claims that follow, that scope 
including all equivalents of the Subject matter of the claims. 
Each and every claim is incorporated as further disclosure 
into the specification and the claims are embodiment(s) of the 
present invention. 

What is claimed is: 
1. A blower housing, comprising: 
a discharge direction; 
an axis of rotation; 
a polar axis that intersects the axis of rotation and is Sub 

stantially perpendicular to the discharge direction; and 
an angular Sweep of increasing fluid flow area, wherein the 

fluid flow area increases with increasing angular mag 
nitude with respect to the polar axis. 

2. The blower housing of claim 1, wherein the angular 
sweep extends over about 300 degrees. 

3. The blower housing of claim 1, wherein the angular 
Sweep begins at about 90 degrees as measured from the polar 
aX1S. 

4. The blower housing of claim 1, wherein the angular 
sweep ends at about 365 degrees as measured from the polar 
aX1S. 

5. The blower housing of claim 1, wherein the fluid flow 
area comprises a cross-sectional area measured between the 
axis of rotation and an inner wall of the blower housing. 

6. The blower housing of claim 1, wherein the fluid flow 
area is increased by increasing a distance between the axis of 
rotation and a radial wall of the blower housing. 

7. The blower housing of claim 1, wherein the fluid flow 
area is increased by axially expanding a sidewall of the 
blower housing. 
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8. The blower housing of claim 1, wherein the housing 
comprises an axial contraction between the angular Sweep 
and a discharge of the blower housing. 

9. The blower housing of claim 1, wherein the angular 
Sweep extends to a discharge of the blower housing. 

10. The blower housing of claim 3, wherein the angular 
Sweep is angularly separated from a discharge of the blower 
housing that extends from about 0 degrees to about 90 
degrees. 

11. A method of moving air, comprising: 
receiving fluid into a centrifugal blower; and 
moving the fluid along an angular path; and 
increasing the fluid flow cross-sectional area of the angular 

path with increasing angular magnitude prior to a dis 
charge opening; and 

discharging the fluid through the discharge opening in an 
airflow direction that is Substantially tangential to apolar 
axis of the centrifugal blower. 

12. The method of claim 11, wherein the discharge opening 
extends between about 0 degrees and about 90 degrees with 
respect to the polar axis, and wherein increasing the fluid flow 
cross-sectional area of the angular path begins at about 90 
degrees with respect to the polar axis. 

13. The method of claim 11, wherein the angular path of 
increasing fluid flow area comprises about 300 degrees. 

14. The method of claim 11, wherein the increasing fluid 
flow area comprises an increasing axial dimension of a side 
wall of the centrifugal blower. 

15. The method of claim 11, wherein the increasing fluid 
flow area comprises increasing a radial dimension of a radial 
wall from an axis of rotation of the centrifugal blower. 
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16. A centrifugal blower housing, comprising: 
a first sidewall comprising a first inlet; 
a second sidewall substantially opposite the first sidewall, 

the second sidewall comprising a second inlet; 
a radial wall joining the first sidewall to the second side 

wall, the radial wall comprising a discharge; 
a discharge direction; 
a polar axis that intersects an axis of rotation of the blower 

housing and extends Substantially perpendicular to the 
discharge direction; and 

an angular Sweep of increasing fluid flow area, wherein the 
increasing fluid flow area comprises increasing the dis 
tance of the radial wall from the axis of rotation 
increases with an increasing angular magnitude with 
respect to the polar axis. 

17. The centrifugal blower housing of claim 16, wherein 
the first angular sweep extends about 300 degrees with 
respect to the polar axis. 

18. The centrifugal blower housing of claim 16, wherein 
the firstangular Sweep begins at about 90 degrees with respect 
to the polar axis. 

19. The centrifugal blower housing of claim 16, wherein 
the first angular Sweep is angularly adjacent a second angular 
sweep that increases at a substantially different rate than the 
first angular Sweep. 

20. The centrifugal blower housing of claim 19, wherein 
the second angular Sweep is angularly offset from at least one 
of the first angular Sweep and the discharge. 

k k k k k 


